This paper examines the association between household healthcare expenses and participation in the Supplemental Nutrition Assistance Program (SNAP) when moderated by factors associated with financial stability of households. Using a large longitudinal panel encompassing eight years, this study finds that an inter-temporal increase in out-of-pocket medical expenses increased the likelihood of household SNAP participation in the current period. Financially stable households with precautionary financial assets to cover at least 6 months' worth of household expenses were significantly less likely to participate in SNAP. The low-income households who recently experienced an increase in out-of-pocket medical expenses but had adequate precautionary savings were less likely than similar households who did not have precautionary savings to participate in SNAP. Implications for economists, policy makers, and household finance professionals are discussed.
Introduction
The Supplemental Nutrition Assistance Program (SNAP), formerly known as the Food Stamp Program, provides benefit payments to purchase food for households meeting the eligibility criteria. SNAP benefits have been found to help low-income families smooth their consumption (Gundersen and Ziliak 2003) and serve as an economic safety net in the events of negative income shocks. SNAP participation rates have increased in the past decade (Zedlewski and Rader 2005) by Nielsen et al. (2010) found that probability of experiencing food insecurity increased as the out-of-pocket medical expenditures increased. These findings indicate that expenditures on medical care may reduce the resources available for food consumption.
While the burden of health care costs can aggravate food insecurity, the reverse may also be true. Negative health outcomes such as chronic and mental health problems and emergency room visits resulting from hunger and food insecurity have well been documented, especially for low-income individuals and families (Biros et al. 2005; Sullivan et al. 2010) . Not having enough money for food and health care may deteriorate health and require greater health care costs (Biros et al. 2005; Patel et al. 2012; Sullivan et al. 2010 ).
Currently, in most states medical care costs are deductible expenses for households with members who are elderly and for households with disabilities in calculating SNAP eligibility and benefits. Eligible households can deduct out-of-pocket medical expenses that are more than $35.
The deduction for excessive medical expenses can lead to a substantial increase in SNAP benefits (USDA, 2014) . A broad array of medical expenses, including transportation costs to a pharmacy or a doctor's office, over-the-counter drugs, medical supplies, and home renovations to increase accessibility, are eligible for deduction. For eligible seniors or disabled individuals, a claim of $50-$200 in monthly medical expenses can result in a monthly increase of $7-$69 in SNAP benefits. Given the fact that families experiencing food insecurity often enroll in federal food assistance programs such as SNAP (Mammen, Bauer, and Richards 2009; Swanson et al. Health Care Expenditures and SNAP 7 2008), it is reasonable to expect that increased financial burden of health care expenses that increase food insecurity could also lead to increased SNAP participation.
Financial Instability and SNAP Participation
Households that experienced poverty and financial strains were more likely to participate in SNAP (Purtell et al. 2012) . There is a lack of consensus in the literature, however, regarding the issue of measuring household financial stability. Income and employment were often used as Interview Survey (Levy, 2007) . However, using the PSID provides several advantages for this study that was not available in other datasets such as the MEPS or NHIS. First, the PSID not only identifies SNAP participating households, it is one of a few nationally representative surveys that include detailed information on household assets and liability. Based on the detailed assets and wealth data, we constructed liquidity constraint measures. Second, the PSID's individual questionnaire includes detailed questions on various types of health-related expenditures and health insurance. Third, the longitudinal nature of the data not only allows us to investigate changes over time in household conditions, but it also enables us to account for macroeconomic dynamics in time-fixed effect models. This was especially important in this study because we focus on the period of financial crisis and recession during which SNAP participation, out-of-pocket household health expenditures, and household financial strain showed simultaneous increases. Fourth, the PSID offers a rich set of control variables. In addition to demographic and income-related variables, the health files of the PSID consist of an exhaustive list of health conditions of the household members.
We excluded the households whose primary respondents were 65 or older, because the relationship between program participation, health expenditures, and financial ratios for older Americans can be quite different than other age groups. Despite the importance of health expenditures in their budget, many older households have access to benefits that are out of reach to younger households, such as Medicare and Social Security. Moreover, the elderly households start receiving distributions from their retirement savings and pension plans, making their financial ratios interpretation different from those of working-age counterparts. After exclusions, the sample consisted of 133,418 household-year observations.
Variables
The dependent variable in this study was a dichotomous measure of whether the household participated in the SNAP in the given year. This was measured by the question in the PSID "Did you or anyone else in your family receive food stamp benefits at any time last year?" Those who gave an affirmative answer were considered SNAP participants.
In this study, household out-of-pocket medical expenditures were defined to include insurance premiums as well as other medical bill payments. Insurance premiums were measured as the total health insurance premiums paid by the household for the past two years either directly or through automatic deductions. The past two years' out-of-pocket expenses on nursing home and hospital bills, doctor, outpatient surgery, dental bills, prescriptions, in-home medical care, special facilities, and other services were added. Two variables were created from this sum:
first, a logarithm of total out-of-pocket medical expenditures in the previous survey year, and second, a logarithm of the increase in the out-of-pocket medical expenditures since the previous survey year.
The household liquidity constraint was measured using the liquidity ratio. Following Grafova (2011), we considered liquid assets exceeding six months' worth of income as a healthy liquid asset ratio, and therefore defined the liquidity ratio as the total household liquid assets divided by six months' household income. Liquid assets included funds in checking and savings accounts, money market funds, certificate of deposit, government savings bonds, treasury bills, shares of stock in publicly held corporations, mutual funds, or investment trusts that are not employer-based pensions or IRAs. When the respondents were unable to specify the actual amount (fewer than 2% of the respondents), the PSID imputed the values. A higher liquidity ratio was considered to indicate a less constrained household finance.
This study controlled for income and income drop, current and past health conditions, insurance coverage, demographic characteristics, and state and year effects. First, the controls for health conditions included self-reported health status and health deterioration of the household head and spouse, severe conditions such as stroke, heart attack, and lung conditions, chronic conditions such as diabetes, arthritis, blood pressure, and mental health problems of the head and the spouse. Public and private health insurance coverages were also controlled for. The regression model controlled for health variables from the current survey period as well as from the previous survey period. Second, the demographic controls included age, gender, race and ethnicity, education, number of children, marital status, employment status, vehicle ownership, and home ownership. In the prior literature, home and vehicle ownerships have been found to be significant predictors of food access and food consumption (Fitzpatrick and Ver Ploeg 2010; Guo 2011). We also controlled for the region of residence (Northeast, Mid-Central, South, and West as defined by the Census Bureau). Third, income variables included a logarithm of family income, and dichotomous variables indicating whether or not income dropped since the last survey year, and whether the household receives Temporary Assistance for Needy Families (TANF). Fourth, state-level variations in policy environment relating to health care and SNAP rules were controlled through state fixed effects. Year-to-year dynamics in macro-level correlates of SNAP caseload were controlled through year fixed effects.
Regression Models
Suppose Y is the latent variable for the likelihood of SNAP participation, MedExp is the total out-of-pocket medical expenditure, Liquidity is a vector of liquidity constraint, Income is the total household income, IncomeDrop is a dichotomous indicator that the household income dropped since last survey year, X is a vector of demographic controls, and H is a vector of heath condition controls. The probability of the i-th household in state s participating in the SNAP at time t can be written as: Because previous research indicated that households were inadequately prepared to deal with the sudden out-of-pocket medical expenses arising from health shocks (McIntyre et al. 2006; Feenberg and Skinner 1992) , we expect β 2 to be positive. Also, previous studies found that liquidity constraint was negatively associated with financial well-being of households (Grafova 2011; Grenninger et al. 1996; Cox and Jappelli 1993) , therefore the coefficient vectors β 3, 4 are predicted to be negative for the liquidity ratio.
One of the research questions in this study is whether the effect of increased medical expenditures on SNAP participation can be minimized if the household is not liquidity constrained and can therefore borrow or draw from own savings. Liquidity-constrained households would be more likely to seek public assistance programs following high medical expenditures than households with sufficient liquid assets. Previous evidence suggests that out- and expect β 3 and β 4 to be negative for the liquidity ratio. Negative coefficients for the interaction between the liquidity ratio and medical expenditure would mean that a household's prior liquid asset holdings make medical expenses less difficult to deal with so they might be able to do without the SNAP. In other words, medical expenses can be more detrimental to the SNAP caseload if households already have little savings.
Results

Descriptive Statistics
The results from the descriptive statistics are presented in Table 1 
Likelihood of participation in SNAP
The results from participation. In addition to these, the liquidity ratio was negatively associated with SNAP participation after we included the financial ratio controls in the second model. The final model from Table 3 adds demographic controls to the previous model that included income, income drop, financial ratios, health factors, and insurance coverage . The results indicated that the increase in medical expenditure and the level of medical expenditure in the previous period were both positively associated with SNAP participation. Similarly, income drop was also positively associated with SNAP participation. Conversely, the liquidity ratio, income, and participation in private health insurance coverage were negatively associated with SNAP participation among the respondents. Among the demographic variables, age and gender (female) were significant and positively associated with SNAP participation. Black households were significantly more likely to participate in SNAP than other racial groups. Similarly, when compared with respondents with an educational attainment of graduate school or higher, the respondents with educational attainment of lower than college were more likely to participate in SNAP. The likelihood of SNAP participation also increased with the number of children in the household and with receiving TANF. Similarly, when compared with those who were married, women who were divorced, widowed, or never married were more likely to participate in SNAP. Conversely, the working respondents were significantly less likely to participate in SNAP, whereas when compared with homeowners, the respondents who were renters were more likely to participate in SNAP.
Likelihood of SNAP participation for households with income lower than 185% of the poverty line
The results from Table 4 indicate that after controlling for state and yearly fixed effects, income, income drop, and health controls, the increase in medical expenses (Odds=1.008; p<0.001) and medical expenditure (Odds=1.012; p<0.001) in the previous period were positively associated with SNAP participation. After adding financial ratios and insurance coverage controls, the results indicate that the increase in medical expenses and medical expenditure in the previous period were still positively associated with SNAP participation, while the likelihood of SNAP participation was negatively associated with the liquidity ratios of households in the current and previous period. The increases in medical expenditure, and medical expenditure in the previous period were positively associated with SNAP participation.
Conversely, the liquidity ratios in the current and previous periods were negatively associated with SNAP participation after the demographic variables were added as control variables in the model.
Examination of the Interaction between increase in health expenditure and the liquidity ratio
The interaction between the increase in medical expenditure and the liquidity ratio is examined in the model presented in 
Discussion
Findings from the present study reveal that the health care burden of households may contribute to whether or not these households participate in SNAP. Increases in health care costs were positively associated with SNAP participation in the entire sample, as well as for the lowincome households (<185% FPL). Additionally, the average out-of-pocket health care spending of SNAP participants was not significantly different from that of non-participants. But, despite that the average household income of non-participants was approximately three times higher than that of SNAP participants. Another interesting takeaway from the findings of this study was that the out-of-pocket medical expenses increased at a much higher rate for SNAP participants than for non-participants. This disparity suggests a higher burden of medical expenditures on low-to-moderate income households (Bernad et al. 2014; Selden 2009 ). This finding is aligned with previous findings that health care expenditures increased with financial strains (Purtell et al. 2012 ) and financial instability among households. A substantial increase in medical expenses may lead to an increase in SNAP participation among households lacking in sufficient savings to buffer against excessive strain in household consumption.
Financial assets and savings may be used to smooth consumption and reduce SNAP participation. The liquidity ratio was negatively associated with SNAP participation, consistent with previous research on liquidity constraint and household financial well-being (Grafova 2011; Grenninger et al. 1996; Cox and Jappelli 1993) . Liquidity-constrained households were more likely to participate in SNAP upon health shocks. More importantly, findings support the importance of savings for low-income groups. Low-income households need to be encouraged to establish buffer savings. Additionally, there is a need for policies and financial products that can lower the barriers to participation and provide better access to financial services for lower income households (Sherraden 2013) . Interestingly, having an adequate liquidity ratio in the previous period was also significant and negatively associated with SNAP participation among low income (<185% FLP) households. The interaction between household financial stability and health care burden was significant. Financial assets can be used to alleviate the health care burden and may reduce SNAP participation. Having inadequate reserves of emergency funds in dealing with health shocks can lead to financial strain in households (Kim et al. 2012; Kim and Lyons 2008) . Although, this study examined the dynamics of medical expenditure and SNAP participation, some inaccuracies may be present due to self-reporting of the SNAP participation and medical expenditure variables (Kreider et al. 2012) .
Implications
This study provides valuable insights into the issue of financial burden of medical care
and its relationships to SNAP participation. Further research is needed to examine the effects of The impacts of the ACA Medicaid expansion on financial burden from medical spending among the low-income Americans will be uneven from state to state due to the differences in states' participation in the program (Caswell, Waidmann, and Blumberg 2013) . Many of states that currently have not adopted the Medicaid expansion have traditionally high SNAP participation (Kaiser Family Foundation 2015) .
This study also calls for additional research on the role of household financial stability in SNAP participation. Health shock is one of the causes for financial instability of households.
However, researchers have argued the importance of savings and asset building to prevent financial crisis and suggest that even households with very limited resources can still build savings (Schreiner and Sherraden 2005) .
The current study offers important implications for policies and programs. Our findings suggest that reducing the health care burden of households may not only improve health outcomes but also decrease SNAP participation. Better coordination of public assistance such as food and health programs may be associated with reductions in SNAP caseload. Our study suggests it may be crucial to investigate whether coordination of the two programs may increase efficiency in public finance and government budgets. Further, health care burden with or without insurance can be financially draining, especially for households with chronic health conditions.
The deduction for excessive medical expenses can lead to a substantial increase in SNAP benefits (USDA, 2014). A broad array of medical expenses, including transportation costs to a pharmacy or a doctor's office, over-the-counter drugs, medical supplies, and home renovations to increase accessibility, are eligible for deduction. For eligible seniors or disabled individuals, a claim of $50-$200 in monthly medical expenses can result in a monthly increase of $7-$69 in SNAP benefits. Although claiming the medical expenses deduction for SNAP eligibility can be beneficial for the eligible individuals, extant research shows that this deduction is underutilized (Jones, 2014) . Jones (2014) found that about 12 percent of the eligible households actually claim this deduction, and suspected that the actual number of eligible households could be much larger.
Policies that can promote and educate eligible households of the range of available deductible expenses, so that they can better leverage the benefits, should be made a priority for inclusion in the SNAP education programs that are administered across the country. An additional policy suggestion is to extend the excess medical deduction when calculating SNAP eligibility to households younger than 60 as well. Further research may be necessary to determine the costs and benefits of such a policy. Given the findings of this study, it is possible the potential benefits to household well-being may well outweigh the costs of extending such excess medical deductions to all SNAP eligible households, especially for households who need continuous health care spending for chronic health conditions.
The findings from this study also suggest a need to revisit the current policy on asset limits for SNAP eligibility. Presently, the federal asset limit for SNAP benefits is set at $2,000 (or $3,250 if the household has an elderly or disabled person). While many states have increased the limit or eliminated it through a broad-based categorical eligibility, the current federal limit does not encourage sufficient precautionary savings for financial emergencies such as unexpected medical expenses. In fact, inadequate asset limits under the current policy might create a disincentive to build savings and financial security for low-income families, the lack of which could lead to SNAP participation. 
